Introduction
The importance given to transport sustainability in current society has resulted in increasing encouragement to use public transport as opposed to private (Nurdden et al., 2007) .
Improving the quality of service provided for both urban and interurban passengers continues to grow in importance. Operating companies worry about the comfort of their customers and try to offer a better quality of service at ever more competitive prices.
The encouragement of public transport is nothing new and many examples can be found in the literature on the subject. For example, in the 1980s Cherniack (1981) proposed the fixing of two different fare ranges -a lower fare for low-income users and a higher fare for higher frequencies and greater comfort on the bus -so that each user could find their ideal fare, thereby increasing use of the service.
Unfortunately the actions taken do not usually produce the desired result, either because the users do not understand them correctly or because they do not value them highly enough.
International experience on this matter shows that studies normally relate the quality of each service variable with the importance placed on it by each user (Foote and Stuart, 1998; Foote et al., 2001; Glascock, 1997) .
There have even been attempts to include quality of service in the conditions for service tenders in order to increase demand and thereby reduce future subsidies (Hensher and Houghton, 2004; Hensher and Stanley, 2003; .
The objective of this study was to note the different behaviour between male and female users, and to design a model which reflected how they valued the different service variables contributing to their overall satisfaction. The use of public transport can be encouraged and the quality of life improved for everybody by using available resources to improve only the most relevant variables towards a more sustainable transport system.
No other relevant research work has been found which specifically looks at the perception of quality according to the gender of the user. Very few studies have been done providing such a thorough analysis considering such a large number of variables turning out to be so important from both a statistical and practical point of view. Some studies which looked at the behaviour of the sexes when deciding to travel do exist, for example the studies by Pazy et al. (1996) , Hamilton and Jenkins (2000) , JohanssonStenman (2002) , Matthies et al. (2002) and Schmucki (2002) but none of them looked at behaviour when using interurban public transport.
The present methodology used a survey carried out on bus users. An initial statistical analysis of the data obtained in the survey highlighted the main differences between men and women who use interurban public transport in a different way. Different discrete choice models were tested to relate individual valuation of each variable with overall satisfaction levels in order to determine which were the most relevant and how to manage them.
The study area was Castilla y León which is the most extensive yet one of the least densely populated regions in Spain.
The paper is divided into the following sections: the general methodology followed is presented in Section 2 with references to the main studies performed on the quality of service in public transport introducing the models used and justifying their choice. Section 3 presents the data collection process and their statistical analysis. The models used are presented and estimated in Sections 4 and 5 and a methodology is developed to value the relevant variables in Section 6. The conclusions are presented in Section 7.
Methodology
General user satisfaction with a public transport system is clearly related to different service variables and is also influenced and modified by the personal characteristics of each user. This study was particularly interested in determining the differences in behaviour of female and male users. However, it is not so clear how to define which of these characteristics has the most influence and how they modify the overall perception of the service.
A review of the available bibliography on this matter reveals that the more commonly used methods employ linear or non-linear regression models. These include a series of variables to determine the overall service quality for comparison with the level of service perceived by the user (see SERVQUAL in Wen et al., 2005) or their influence on passenger demand (Balcombe et al., 2004) .
Discrete choice models are also applied in modelling travel behaviour, but they are specially focused on stated preferences experiments (Ortúzar and Garrido, 2000) with or without ordinal specification.
Train (2003) proposes a mixed-logit model to estimate ordered data, under the assumption that the parameters vary randomly in the population.
The present research applied ordinal (ordered logit and probit) models to the revealed preference experiment to identify which variables had most influence in the overall perception of service quality. This type of model was chosen because the dependent variable (the overall service quality) is ordinal in nature, so a simple regression would not progress.
A comparison has also been made between the importance and the evaluation of the significant variables of the chosen model. By starting off with the methodology proposed by the Chicago Transit Authority (Foote and Stuart, 1998) and then introducing some novel changes, a graph has been produced combining the representation of the parameter value with the evaluation supplied by the interviewees. After dividing this graph into zones, the variables can then be divided up depending on their priority of action.
The methodology used in this study goes through four phases: data collection, statistical analysis, model building and comparison importance-evaluation.
Data collection and statistical analysis
Personal interviews were conducted at each bus station in all nine of the region's provincial capitals; this was very labour-intensive fieldwork.
The questions asked in the survey were related to personal information, journey data, scoring different service variables and overall satisfaction. A questionnaire card was prepared for the interviewees to fill in. A sketch of all variables in the survey is presented in Figure 1. A total of 1319 surveys were then coded (as shown in Table 1 ). Cleaning the data reduced the final number of surveys to 1011. This section contains an initial analysis on the behaviour of men and women on interurban bus journeys. The main differences between male and female behaviour were analysed to find the proportion of travellers distributed by sex, age, frequency and length of trip.
The number of women interviewed (657) represented 65% and the men (354) 35% of the sample. As this was a representative sample of the user population, the proportions remained similar for the total number of users. The first conclusion from this is that women used the service more than men, which is a common result in most of the studies on this subject.
By examining the age distribution of the interviewees for both men and woman, it can be seen that the proportion of users diminished as age increased. The data were grouped into age ranges of 10 years, as described in Table 1 . The average age of all users was about 35 years.
The age range covering younger people showed the proportion of women to be slightly higher, whereas for the middle-aged population (from 35 to 44 years old) the proportion of men was especially important. This distribution can be seen in Figure 2 .
The data from frequency of journey was grouped into occasional users, once or twice a week users, three or four times a week users and daily users. The results in the graph in Figure 3 show that almost half the users of interurban bus services were occasional. Nevertheless, looking only at the female data, the percentage of occasional users was slightly smaller, but there was a greater percentage of 'daily' users. Finally, it is worth noting that the average number of times per month that the interviewees used the service was 7 . 8 for the overall data, 8 . 2 for women and 7 . 1 for men, reflecting again that women used the service more frequently than men.
Finally, the data on length of journey were divided into the Modelling gender perception of quality in interurban bus services Rojo, Gonzalo-Orden, dell'Olio and Ibeas following ranges: < 30 km, . 30 to < 100 km, . 100 to < 250 km and . 250 km; these ranges are represented in Figure  4 . The average trip length was 109 km for the overall data, 99 km for women and 127 km for men, once again showing different behaviour between men and women, the latter using the public transport service more frequently but for shorter trips, whereas men tend to use the service more occasionally yet for longer journeys.
Ordinal model development
Following the methodology outlined above, a total of 1319 surveys were carried out with public bus users in order to find out how they valued the service both from an overall perspective and relative to individual variables. Only 1011 of these surveys were complete and finally selected for the model elaboration.
As the data were ordered ('very good' is better than 'good', which is better than 'average'), a better way to introduce them into a discrete choice model was through using ordered types. The alternatives were not independent, so to apply a standard logit model would not be following correct methodology. Train (2003) considers that ordered models are better for this type of data than probit, which are not a natural way of modelling interviewees' decisions.
In ordered type models, it is assumed that each interviewed person has an unobservable utility function of his/her overall satisfaction about the service, called Y j ( j from 1 to n). Higher values of Y j represent a better perceived quality. In the survey performed as part of the present study, the interviewed person was asked to fit his/her opinion Y j into one of the five presented categories Z j (Table 1) .
It was assumed that this variable satisfied a linear model (Ortúzar and Garrido, 2000) , so Y j can be expressed as:
where X j is a K-dimensional vector of independent variables (attributes); Ł is a K-dimensional vector of model coefficients; å j is a random error (their distribution determines the probability of the five possible responses, and the type of the ordered model).
Z j is an ordinal version of the actual values of Y j which does not verify the linear model. If Z j has M possible responses R 1 , R 2 , . . ., R M , and ì 0 , ì 1 , . . ., ì M are M + 1 real numbers where ì 0 ¼ À1 and ì M ¼ +1, it is assumed that these numbers satisfy:
As Z j is an ordinal variable, it is represented by a set of dummy variables, as follows: Modelling gender perception of quality in interurban bus services Rojo, Gonzalo-Orden, dell'Olio and Ibeas
On the other hand, the presented expressions allow the probability function of the observed variable, Z j , to be defined as follows:
Finally, as any linear transformation of the unobservable variable Y j applied to the series ìm yields exactly the model, it can be assumed that ì 1 ¼ 0 and ó ¼ 1 in order to identify the final model coefficients (Ortúzar and Garrido, 2000) . Thus, the calibration problem consists of estimating the M + K À 2 coefficients ì 2 , . . ., ì M À1 , Ł 1 , . . ., Ł K , through the maximisation of the log-likelihood function.
Once a distribution for the error term is specified, the probabilities can be calculated exactly (Train, 2003) . If it is assumed that the error term follows a logistic distribution with zero mean and covariance matrix ó 2 I (I is the identity matrix), the resulting model is called 'ordered logit'. In this case, solving the problem is simple:
It is interesting to note that the probabilities in the ordered logit model follow the binary logit equation. Nevertheless, the main difference is that binary logit specifies two alternatives with one utility each, whereas an ordered logit model has only one utility function with multiple alternatives to represent the level of that utility. Thus, this similarity is only 'incidental', as Train (2003) notes.
Under the assumption that the error term follows a normal rather than logistic distribution, Zavoina and McElvey (1975) developed the 'ordered probit' model. In this case:
where j( . ) is the standard cumulative normal function.
For more information about these models, their calibration process and some statistics associated with their development, see Ortúzar and Garrido (2000), Train (2003) , Zavoina and McElvey (1975) , Ierza (1985) , Johnson (1990) 
Application and results
This section presents the results obtained for the different models tested, relating the overall satisfaction of interurban bus users with the service variables.
The best models for each type are presented. These models are ordered logit and probit; the one that gave the best fit was chosen in each case. They produced the most significant variables (at a 95% confidence level) both by considering all the data and disaggregating it by sex. Figure 1 includes all the variables used in the survey, as well as their distribution by category. The service variables are grouped into the following categories: ticket sales, timetable, bus comfort and route. The variables on individual characteristics were not included in the modelling because the aim was to produce models with equal parameters for all users. The best of these should then be able to help elaborate the methodology for detecting priority of action for each variable, as shown in Section 6, where there can only be a single value for each parameter.
Global model
This section presents the results of the models elaborated with all the data collected in the surveys.
The ordered logit and probit models contributing the best results are presented in Table 2 . Only variables that were statistically significant at a 95% confidence level were considered.
From the table, it can be concluded that the relation qualityprice was the most relevant variable for all the users of interurban public transport by bus. In the ordered logit model, the second most relevant variable was the condition of the bus followed by road safety and frequency of service. In the ordered probit model, the variables by importance were the condition of the bus, the frequency of service and information on bus times.
Note that, in the ordered probit model, the data had to be transformed because of the high number of iterations. The evaluation scale was reduced from a 1 to 5 scale to 1 to 3: valuations 1 and 2 were turned into 1 ('bad'), valuation 3 was transformed to 2, and valuations 4 and 5 were considered as a 3 ('good').
The difference between models can be explained by the change in the scale of the variables. So, the first conclusion is that ordered logit presented a better fit than ordered probit because the data were not transformed in the former.
Female and male models
As in the previous section, both ordered logit and probit models were elaborated, but this time including data on the sex of the interviewed person.
The results of the ordered logit and probit models with best fit are presented in Table 3 . As in the previous table, the first number is the estimation of the parameter of the utility function and the number in brackets is the T-ratio indicating the level of statistical significance of the variable. Table 2 . Global ordered logit and probit models
The results of the model show that the variable relation qualityprice was the most important for both sexes.
The ordered logit model shows the variables coming next in importance for women were the condition of the bus, road safety and frequency of service (which coincide with the order obtained for the global ordered logit model). On the other hand, for men, cleanliness, information on bus times and the noise in the bus followed in importance after quality-price.
The same transformation as before was used for the ordered probit model, reducing the scale from 1 to 5 to 1 to 3. In this case, the variables following quality-price in importance were, for women, the condition of the bus and the frequency of service and, for men, cleanliness and information on bus times.
The difference between the results of both models was again due to the transformation carried out on the scores assigned to each variable. It is for that reason that, in principle, the results of the ordered logit model seem to be more accurate because none of the data obtained in the surveys was eliminated.
Comparison importance-evaluation for the female model
This section presents a brief comparison between the direct individual evaluation of each variable with the importance assigned to them, from the models estimated using the data on women.
The variables considered were those that were significant for the ordered logit model, being a total of 10.
As proposed by the Chicago Transit Authority (Foote and Stuart, 1998) , the interaction between influence (T-ratio statistic) and evaluation (average level, from 1 to 5) can be represented graphically. The horizontal axis is the T-ratio statistic of the linear Table 3 . Ordered logit and probit models disaggregated by sex regression model and the vertical axis is the average evaluation of the perceptions of the users in the survey. The graph is presented in Figure 5 .
Following the methodology proposed in Foote and Stuart (1998) , the graphic area is divided into four zones, by vertical and horizontal lines in the middle of each axis. In the present case, the T-ratio axis middle value is about 4 . 35 and the middle value in the vertical axis is 3 . 85. So, the following zones could be identified.
(a) Zone 1 contains the variables with highest priority for action, since they are the most relevant and worse scored. In the present case, these variables were the quality-price relationship and the frequency of service. (b) Zone 2 contains variables with a good score that need to be maintained because they are of importance to the users. In the present case this zone was empty. (c) Zone 3 contains variables whose improvement would be beneficial, because, although they are of relatively little importance, they are badly scored. In the present case, these variables were punctuality, number of stops, temperature, condition of the bus and seat comfort. (d) Zone 4 has low priority variables, since they have relatively little importance and, in addition, they already have higher scores. These variables were road safety, ease of ticket purchase and information on bus times.
A similar graph can also be created to represent the influence of each variable, not considering the T-ratio, rather the estimation of the associated parameter of the utility function. The results were slightly different: the vertical scale was the same and only the horizontal axis changed (medium value of 0 . 42).
The zoned results are listed here. The priority for action of the considered variables is more adjusted to their relationship between influence and evaluation. This type of division avoids the problem of variables being close to a division line (see variable safety in Figure 5 ) between two zones with opposite priorities. Figure 6 shows that the zones progress in priority, so if a variable is near a division line, the priority of action is similar.
In addition, these zones can also be subdivided, always giving more priority to the zones located in the right inferior part of the graph; or curve the dividing lines between the zones (determined with a mathematical equation), with a concave form towards the lower right and upper left corners of the graph.
The results of this alternative methodology can be used as part of transport policy. The objective would be to find a working point for the system where the variables were above the main diagonal on the graph. In the present case, priority should be given to reducing the cost of the fare, renewing the bus fleet and increasing the frequency of service.
This same methodology can be applied to other types of surveys on quality in which the users are asked about their overall level of satisfaction and evaluation of each variable. This allows action to be taken on individual parameters which are really relevant to the users, thereby optimising the use of available resources and improving the efficiency of the public transport system.
Conclusions
The level of user satisfaction with public bus services depends on many variables, some of which are more important than others and these are the ones that need to be known and improved in order to encourage the use of public transport. The influence of these variables on user perception of service quality changes depending on the personal circumstances of each user.
In general, the variable which affected users the most was the relationship between quality and price, followed by other important parameters such as the condition of the bus and the frequency of service. Modelling gender perception of quality in interurban bus services Rojo, Gonzalo-Orden, dell'Olio and Ibeas
The main differences between men and women appeared for certain variables such as road safety, seat comfort on the bus and punctuality, which women appreciated most. On the other hand, men valued variables such as journey time, noise and cleanliness in the bus.
A new methodology has been proposed for detecting the service variables with the highest priority to act on, based on a graphical representation of the relationship between their influence in the overall satisfaction model and their average value. It has been shown that the highest priority variables for women were the relation quality-price, the condition of the bus and the frequency of service, followed by seat comfort and the temperature in the bus. On the other hand, the variables with the least priority were the ease of ticket purchase, information on bus times and road safety (which is highly evaluated).
The main characteristics that define the behaviour of female users of interurban bus services have been determined. The proportion of users diminished as age increased. Women seemed to use the service more frequently, for shorter trips, whereas men tended to occasionally use the service, but for longer journeys.
Finally, a successful modelling exercise was carried out on overall user satisfaction depending on their personal characteristics and dividing the global data by sex and the quality of each of the considered service variables. This analysis can therefore be seen as a useful tool for improving public bus services and optimising available resources with the objective of promoting a more sustainable transport system and improving the quality of life on the roads.
